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1.0 SITE BACKGROUND 

The Bayonne Barrel arid Drum Site is a former drum reconditioning facility occupying 
approximately 15 acres off Raymond Boulevard in the Ironbound section of Newark, New Jersey 
(See Attachment A), The facility operated as an unlicensed treatment, storage and disposal 
(TSD) facility from the early 1940's until the early 1980's when the company filed for bankruptcy. 
The site is bordered to the North and West by Routes 1 and 9, to the East by the New Jersey 
Turnpike and the South by the Newark Multiplex Cinema. 

At the time the facility was operating, drum cleaning operations involved both closed-head and 
open-head drums. In closed head drum cleaning, chains and caustic solution were used to wash 
out previous material in the drums. The spent solution drained through an oil-water separator 
into a 5,000-gallon underground holding/settling tank and was then pumped into a 60,000-gallon 
aboveground holding/settling tank. The liquid was decanted to the sewer under a permit from the 
Passaic Valley Sewage Commission. Open-head drums were placed on a conveyer and moved 
through the fiirnace/incinerator, which burned materials inside the drums. Residue materials were 
collected in two subsurface holding/settling tanks adjacent to the incinerator. 

The operation produced a large amount of spent cleaning solutions, furnace ash and sludges. 
Approximately 40,000 pounds of incinerator ash and sludge were reportedly generated monthly. 
The storage of these wastes, as well as the storage of drums awaiting reconditioning, are believed 
to have been the chief source of site contamination. 

2.0 DATA USE OBJECTIVES 

The objective of this sampling event is to determine if significant groundwater contamination 
exists at the site. The samples will be collected by U.S. EPA and START and Submitted to a 
private laboratory for analysis. The analytical data will be used to: 

I. Establish the presence and concentration of groundwater contaminants; 

n. Determine whether these materials pose a threat to human health and/or the 
environment; 

HI. Determine groundwater flow direction and tidal influence; 

IV. Establish data necessary for classifying the site as a Classification Exemption 
Area (CEA) with the New Jersey Department of Environmental Protection . 

3.0 QUALITY ASSURANCE OBJECTIVES 

The EPA On-Scene Coordinator (OSC) has specified a Level 2 QA objective (QA-2). Details 
of this QA level are provided in Section 6.0, 
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As identified in Section 2.0, the objective of this proposal/event applies to the following 
parameters: 

TABLE 1 
QUALITY ASSURANCE OBJECTIVES 

QA Parameters Matrix Intended Use of Data QA Objective 

TCL Volatiles, Extractables Aqueous Establish the presence and QA-2 
Pesticides, PCBs concentration of groundwater 

TAL Metals contaminants 

A Field Sampling Summary follows in Table 2. Section 4.2 (Sampling Design) provides 
information on analyses to be performed on the individual water samples. 

TABLE 2 
ANALYTICAL PARAMETERS FOR QA/QC SAMPLES 

Analytical 
Parameter 

Matrix Contame 
rType& 
Volume 

Preservative Holding 
Time 

Subtotal 
Samples 

Duplicate Matrix 
Spikes 

Rinsate 
liiil 

Trip 
Blank 

TAL Metals Aqueous 1X1L 
Poly 

HNOj to . 
ph<2, 4 °C 

180 
Days 

(Hg-28 
days) 

12 one one one/day none 

TCL 
Volatiles 

Aqueous 3X 
40mL 
Vials 

HCL to ph<2, 
4 °C 

14 Days 12 one one one/day one/ 
shipment 

TCL 
Extractives 

(Includes 
Pesticides 
& PCBs) 

AqUeoUs 4X1L 
Amber 

4 °C 14 Days 12 one one one/day none 

TABLE 3 
QA/QC ANALYSIS AND OBJECTIVES 

QA 
Parameters 

Matrix Intended Use of Data Analytical Method 
Reference 

QA/QC 
Quantitation 

Limits 

QA 
Objective 

TAL 
Metals 

Aqueous Establish the presence and 
concentrations of contaminants 

CLP SOW 
ILMO 4.0(or most 

recent method) 

As Per Method QA-2 

TCL 
Organics 

Aqueous Establish the presence ami 
concentrations of contaminants 

CLP SOW 
OLMO 3.2(or most 

recent method) 

As Per Method QA-2 



4.0 APPROACH AND SAMPLING METHODOLOGIES 

4.1 Sampling Equipment 

Groundwater samples will be collected using stainless steel Grundfos Redi-flo 2 submersible 
pumps with Teflon* lined disposable polyethylene tubing for up to 12 wells which are located 
throughout the Bayonne Barrel and Drum Site. The sampling procedure is specified in Section 
4.2 and in Attachment B (Groundwater Well Sampling SOP # 2007) and Attachment C (Low-
Stress Purging and Sampling SOP). All sampling equipment and materials will be 
decontaminated according to the Sampling Equipment Decontamination SOP # 2006 
(Attachment E). 

4.2 Sampling Design 

4.2.1 Monitoring Well Repair / Replacement 

Two of the monitoring wells located on site are too damaged for sampling and require repair 
and/or replacement. The monitoring wells are identified as 29W and BBD-C4. START, in a 
formal Request For Proposal (RFP) will subcontract out the drilling operations for the repair 
of the two wells. 

4.2.2 Monitoring Well Surveying 

Review of the historic literature and recent visits to the site have shown that the monitoring 
wells have not been surveyed. Since the site slopes topographically and water level data is 
being collected, it is important that the twelve wells be surveyed prior to sampling. 

4.2.3 Monitoring Well Redevelopment 

None of the wells at the Bayonne Barrel and Drum Site have been sampled in the last 10 
years, therefore it is anticipated that re-development of these wells will be necessary. The 
well development procedures are specified in Attachment D (Well Development SOP # 2156). 
A maximum of 12 groundwater wells will require re-development. Attachment G represents 

the summary of groundwater elevation, screen/riser type, and well screen elevations. The well 
locations are identified in Attachment A. 

The following procedure will be used for groundwater well development: 

1. Wear appropriate Personal Protective Equipment (PPE) as outlined in the site specific 
Health and Safety Plan. In addition, developers will use new sampling gloves at each 
individual well prior to development. 

2. Record pertinent information in die field logbook (see Section 4.3.1) 



3. Unlock well cap and open the monitoring well. 

4. Monitor volatile organic vapor levels at the top of casing and in die breathing zone 
with a photoionization device (HNu or Microtip) or flame ionization detector (OVA) 
and record results in the field logbook. 

5. Measure the static water level in the well with an electronic water level indicator as 
well as the total depth of the monitoring well from the same datum point. The water 
level indicator will be rinsed with deionized water between individual wells to prevent 
cross-contamination, 

6. Measure the initial pH, temperature and specific conductivity of the water and record 
in the field logbook. 

7. Develop the well following the overpumping method using a trash pump until the 
water is clear and appears to be free of sediment. Overpumping involves pumping at 
a rate rapid enough to draw the water level in the well as low as possible, and allowing 
it to recharge. Note the initial color, clarity and odor of the water. 

8. All of the water produced by monitoring well development and equipment 
decontamination will be disposed of on site in a manner that will not allow for runoff 
from the site. 

9. Measure the final pH, temperature and specific conductivity of the water and record 
in the field logbook. Note the final color, clarity and odor of the water. Record the 
final static water level. 

10. Record the following data in the field logbook: 

•Well designation (location ID) 
•Date(s) of well installation 
•Date(s) and time of well development 
•Static water level before and after 
•Quantity of water removed and time of removal 
•Type and size/capacity of pump and/or bailer used 
•Description of well development techniques used 

11. Decontaminate equipment. 

12. Re-lock well cap. 
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4.2.4 Groundwater Sampling 

A maximum of 12 aqueous samples will be collected and analyzed for TCL Volatiles and 
TAL metals. Attachment G represents the well construction details for six of the wells to be 
sampled (Information on the other wells is not available). The well location plan is located in 
Attachment A. Sampling procedures may be initiated only after the wells have been properly 
redeveloped. The OSC has specified that the there must be at least a one week waiting period 
between monitoring well redevelopment and sampling. The Low-Stress Purging and Sampling 
SOP (EPA) and the Groundwater Well Sampling SOP (EPA/ERT #2007) are included as 
attachments to this sampling plan. 

The following procedure will be used for groundwater well sampling: 

1. Wear appropriate Personal Protective Equipment (PPE) as outlined in the site specific 
Health and Safety Plan. In addition, samplers will use new sampling gloves at each 
individual well prior to sampling. 

2. Visually examine the exterior of the monitoring well prior to sampling. 

3. Unlock well cap. 

4. Monitor volatile organic vapor levels at the well head with a photoionization device 
(HNu or Microtip) or a flame ionization detector (OVA) and record results in logbook. 

5. Measure the static water level in the well with an electronic water level indicator. The 
water level indicator will be rinsed with deionized water between individual wells to 
prevent cross-contamination. 

6. Calculate the volume of water in the well (V) as follows: 

V = TTl^h (cf) 
Where: 

it = 3,14 
r = radius of monitoring well (feet) 
h = height of water column (feet) 
cf = 7.48 conversion factor (gal/ft3) 

For a 2-inch diameter well, the volume in gallons is equal to: 

Well volume — 0.163 X height of water column (feet) 

For a 4-inch diameter well, the volume in gallons is equal to: 

Well volume = 0.6528 X height of water column (feet) 



7. Lower the intake line through the well to just above screen depth ensuring that all 
stagnant water in the well has been purged. Measure the new water level. 

8. Purge the well with a stainless steel submersible pump (starting rate between 200 and 
500 ml/min.) equipped with a check valve to avoid backflush and Teflon* lined 
polyethylene tubing dedicated to each well. The well purging should continue until the 
indicator parameters have stabilized for three successive readings. Indicator 
parameters to be measured include pH, temperature, dissolved oxygen, turbidity and 
oxidation reduction potential. Indicator parameter measurements and water levels 
should be checked every 5-10 minutes. Water level drawdown should not exceed 
0.3 feet. 

9. Place polyethylene sheeting mound well casing as applicable to prevent contamination 
of sampling equipment. 

10. Obtain the sample at the outlet of the pumps at the same flow rate at which 
stabilization occurred except for the collection of VOAs. Sampling flow rate for VOAs 
will be at about 100 ml/min. 

11. The preservation procedure shall be: 

a) VOAs - In a separate 40 ml glass vial determine the amount of 1:1 HC1 
preservative required to adjust the pH of the sample to less than 2. Add this 
volume to the empty 40 ml vials prior to sampling. Fill each container with 
sample to just overflowing so that no air bubbles are entrapped inside. If 
effervescence occurs submit without preservative and note on the respective 
Traffic Report. 

b) Other parameters - Fill each container and preserve immediately as specified in 
Table 2. To test for pH, pour a minimum portion of sample onto broad range 
pH paper to verify that the appropriate pH level has been obtained. 

12. Place analytical samples in Ziplock bags and then in coolers and chill to 4°C. Samples 
will be shipped to the appropriate laboratory within 48 hours. 

13. Decontaminate equipment. 

14. Re-lock well cap. 

15. Fill out field notebook, sample log sheet, labels, custody seals and Chain of Custody 
forms. 
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4.2.5 STATIC WATER LEVEL READINGS 

The location of the site is such that its proximity to the Passaic River and Raritan Bay likely 
influences the static water levels of the monitoring wells (tidal influence). Therefore, static 
water level recorders operating over a 24 hour duration will be necessary. This should be 
accomplished immediately after the monitoring wells have been sampled. 

This sampling design is based on information currently available and may be modified on site 
in light of other acquired information or at the discretion of the OSC. All deviations from the 
Sampling Plan will be noted in the Sampling Trip Report. 

4.2.6 Equipment Decontamination 

Equipment decontamination procedures are outlined in EPA/ERT SOP#2006 (Attachment E). 
Gross contamination of equipment requires physical decontamination by the use of brushes, 
soap/Alconox and water. This is followed by a: 

-Tap water rinse 
-Distilled water rinse 
-10% nitric acid rinse 
-Distilled water rinse 
-Hexane rinse 
-Air dry 
-Wrap or cover exposed ends of the sampling equipment with aluminum foil (shiny 
side out) until next use, transport or handling. 

One rinsate blank sample will be collected per sampling date if non-dedicated equipment is 
used. Only certified distilled, deionized blank water will be used in the collection of the 
rinsate blanks. 

4.3 Standard Operating Procedures (SOPS1 

4.3.1 Sample Documentation 

The sample documents will be completed legibly, in ink. Any corrections or revisions will be 
made by lining through the incorrect entry and by initialing the error. 
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ETETD LOGBOOK 

The field logbook is essentially a descriptive notebook detailing site activities and observations 
so that an accurate account of field procedures can be reconstructed in the writer's absence. 
All entries will be dated Mid signed by the individuals making the entries, and should include 
(at a minimum) the following: 

1. Site name and project number. 
2. Name(s) of personnel on site. 
3. Dates and times of all entries (military time preferred). 
4. Descriptions of all site activities, site entry and exit times. 
5. Noteworthy events and discussions. 
6. Weather conditions. 
7. Site observations. 
8. Sample and sample location identification and description*. 
9. Subcontractor information and names of on-site personnel. 
10. Date and time of sample collections, along with chain of custody 

information. 
11. Record of photographs. 
12. Site sketches. 

* A Well purging form (Attachment F) will be used to document the 
sample location and other information. 

SAMPLE LABELS 

Sample labels will clearly identify the particular sample, and should include the following: 

1. Site/project number. 
2. Sample identification number. 
3. Sample collection date and time. 
4. Designation of sample (grab or composite). 
5. Sample preservation. 
6. Analytical parameters. 
7. Name of sampler. 

Sample labels will be written in indelible ink and securely affixed to the sample container. 

CHAIN QF CUSTODY RECORD 

A chain of custody record will be maintained from the time the sample is taken to its final 
deposition. Every transfer of custody must be noted and signed for, and a copy of this record 



kept by each individual who has signed. When samples (or groups of samples) are not under 
direct control of the individual responsible for them, they must be stored in a locked container 
sealed with a custody seal. Specific information regarding custody of the samples projected to 
be collected on the weekend will be noted in the field logbook. 

A separate chain of Custody form must accompany each cooler for each daily shipment. The 
chain of custody form must address all samples in that cooler, but not address samples in any 
other cooler. This practice maintains the chain of custody for all samples in case of mis-
shipment. 

The chain of custody record should include (at minimum) the following: 

1. Sample identification number. 
2. Sample information. 
3. Sample location. 
4. Sample date. 
5. Name(s) and signature(s) of sampler(s). 
6. Signature(s) of any individual(s) with control over samples. 

CUSTODY SEALS 

Custody seals demonstrate that a sample container has not been tampered with, or opened. 
The individual in possession of the sample(s) will sign and date the seal, affixing it in such a 
manner that die container cannot be opened without breaking the seal. The name of this 
individual, along with a description of the sample packaging, will be noted in the field 
logbook. 

4.3.2 Sampling SOPS 

GROUNDWATER SAMPLING 

Groundwater sampling activities will be conducted as specified in Section 4.2 and follow the 
guidelines outiined in EPA/ERT Groundwater Well Sampling SOP #2007 (Attachment B), the 
EPA Low-Stress Purging and Sampling SOP (Attachment C) and the Sampling Equipment 
Decontamination SOP #2006 (Attachment E). 

4.3.3 Sample Handling and Shipment 

Each of the sample bottles will be sealed and labeled according to the following protocol. 
Caps will be secured With custody seals. Bottle labels will contain all required information 
including site/project code and sample number, time and date of collection, analyses 
requested, and preservative used. Sealed bottles will be placed in large metal or plastic 
coolers, and padded with an absorbent material such as vermiculite. All packaging will 
conform to IATA Transportation regulations for overnight carriers. 



All sample documents will be sealed in a plastic bag and affixed to the underside of each 
cooler lid. The lid will be sealed and affixed on at least two sides with custody seals so that 
any sign of tampering is easily visible. 

4.4 Analytical Methods 

Analytical methods to be utilized in the analyses of samples collected during this sampling 
event are detailed in Table 3. 

4.5 Schedule of Activities 

Proposed Start Date Activity End Date 

3 November 1998 Well Repair / Survey 10 November 1998 

TBD Well Re-development 

TBD Well Sampling 

4.6 Disposal of PPE and Contaminated Sampling Materials 

All used PPE and disposable sampling supplies will be bagged by START and secured on site 
for disposal during the removal. 

5.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

The EPA OSC, Akhil Verma, will provide overall direction to the Region II START members 
concerning project samping needs, objectives and schedule. 

The Region II START PM, John Breiinan, is the primary point of contact with the OSC. The 
PM is responsible for the development and completion of the Sampling QA/QC Plan, project 
team organization and supervision of all project tasks, incuding reporting and deliverables. The 
site QC coordinator will be responsible for ensuring field adherence to the Sampling QA/QC Plan 
and recording of any deviations. The START Analytical Services Coordinator, Smita Sumbaly, 
will be the primary project team site contact with the subcontracted laboratory, if necessary. 

START will arrange for the laboratory analyses. START personnel will transfer custody of the 
groundwater samples for shipment to the appropriate laboratory. The raw analytical data from 
the laboratory will be provided to the START Analytical Services Group for data validation. 



The following sampling personnel will work oh this project: 

Personnel Responsibility 

John F. Brennan PM / QA/QC 

TBD Sampling 

The OSC has requested three week written analytical turnaround time. The following 
laboratories will provide the following analyses: 

T ah Name/Location Sample Type Parameters 

TBD Groundwater TAL / TCL 

6.0 QUALITY ASSURANCE AND QUALITY CONTROL REQUIREMENTS 

The U.S. EPA OSC has specified the Quality Assurance level of 2 (QA-2) for this sampling and 
testing event. The following requirements apply to the respective QA Objectives and parameters 
identified in Section 3.0. The QA Protocols for a Level 2 QA objective sampling event are 
applicable to all sample matrices and include: 

1. Sample documentation in the form of field log books, the appropriate field data sheets and 
chain of custody records (chain of custody records are optional for field screening 
locations).. 

2. Calibration of all monitoring and/or field portable analytical equipment prior to collection 
and analyses of samples with results and/or performance check procedures/methods 
summarized and documented in field, personal and/or instrument log notebook, 

3. Field or laboratory determined method detection limits (MDLs) will be recorded along 
with corresponding analytical sample, where appropriate. 

4. Analytical holding times as determined from the time of sample collection through 
analysis. These will be documented in the field logbook or by the laboratory in the final 
deliverable package. 

5. Initial and continuous instrument calibration data. 

6. QC blank results (rinsate, trip, method, preparation, instrument, etc.), as applicable. 

7. Collection and analyses of blind field duplicate and MS/MSD QC samples to provide a 
quantitative measure of the analytical precison and accuracy, as applicable. 



8. Use of the following QC procedure for QC analyses and data validation: 

Definitive Identification - fChoose one): 

A. Screened Data - Confirm the identification of analytes via an EPA-approved method 
different from the screening method (field or lab) on at least 10% of the preliminary 
screened samples collected; provide documentation such as gas chromatograms, mass 
spectra, etc. 

7.0 DELIVERABLES 

The START PM, John F. Brennan, will maintain contact with the U.S. EPA OSC, Akhil Veffiia, 
to keep him informed of the technical and financial progress of the project, The communication 
will commence with the issuance of the work assignment and project scoping meeting. Activities 
under this project will be reported in status and trip reports and other deliverables (e.g., analytical 
reports) described herein. Activities will also be summarized in appropriate format for inclusion 
in monthly and annual reports. 

The following deliverables will be provided under this project: 

TRTP REPORT 

A trip report will be prepared to provide deviations from the sampling plan and a detailed 
summary of sample assignments and difficulties encountered during the sampling event. The trip 
report will be prepared within one week of the last day of each sampling event. Information will 
be provided on time of major events, dates, and personnel on site (including affiliations). 

MAPS/FIGURES 

Maps depicting site layout, contaminant source areas, and sample locations will be included in the 
trip report, as appropriate. 

ANALYTICAL REPORT 

An analytical report will be prepared for samples analyzed under this plan. Information regarding 
the analytical methods or procedures employed, sample results, QA/QC results, chain of custody 
documentation, laboratory correspondence and raw data will be provided within this deliverable. 

DATA REVIEW 

A review of the data generated under this plan will be undertaken. The assessment of data 
acceptability or useability will be provided separately, or as part of the analytical report. 



8.0 DATA VALIDATION 

Data generated under this QA/QC Sampling Plan will be evaluated accordingly with appropriate 
criteria contained in the Removal Program Data Validation Procedures which accompany 
OSWER Directive #9360.4-1 and in accordance with U.S. EPA region E guidelines. 

Laboratory analytical results will be assessed by the data reviewer for compliance with required 
precision, accuracy, completeness, representativeness, and sensitivity. 

9.0 SYSTEM AUDIT 

The Field QA/QC Officer will observe the sampling operations and review the subsequent 
analytical results to ensure that the QA/QC project plan has been followed. 

10.0 CORRECTIVE ACTIONS 

All provisions will be taken in the field and laboratory to ensure that any problems that may 
develop will be dealt with as quickly as possible to ensure the continuity of the sampling program. 
Any deviations from this sampling plan will be noted in the final report. 



ATTACHMENT A 

SITE & WELL LOCATION PLANS 
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FIGURE 2-1 SITE LOCATION MAP 
BAYONNE BARREL & DRUM SITE 



ATTACHMENT B 

GROUNDWATER WELL SAMPLING 
EPA/ERT SOP #2007 



"i-r-UJUAr/ON 

-S^^STESSS 
samples from the saturated ^w?011 of Water 

E"*y effort must be made To SUWacc-
sample is representatJw.TrT. ensure ^at the 
Jater being sampled Th 6 pardcu,ar zone of 
designed to be used in rn„- • procedur« are 
"* «• 
contaminants (e^., volatile • groundwater 
compounds, pesticides rnSe®,:voIatile organic 
parameters). ' ta's> biological. 

2 2  METHOD SUMMARY 

^ lie wi, reus, 
mstrareents. The most °ne mtl1 ' number of 

er> submersible pump n™°° °f thes6 ** tbe 

Pump and inertia pump 'ai a S* COntact bladder 
rolumes should be puiLTff^UT1U,n* 
T* ̂  decontaminatedpriorT * 
^"s. Once punrfne ifL T USe  ̂between 
iaboratory-deaned samp^conT 30(1 ^ COrrect 

Prepared, sampling may DILTTT" -haVe **« 
conducted with any 0f the atJL ?ampJing may be 
»«! m be the ^ fT-monts, end 
P°n»s. Care should be ,aL?l. " "W for 
sampling device as sone ,!ffl?rr '"I choosi»S "><= 
the sample. Sampling eouinm lntegrity of 
decontaminated Samn? ?Cnr must a,so be 
Progression fret <«ur to , 

'' ^thls information is knowT°St C°ntaminated 

" S-S=U 

be collected direct /""'"i* S>,,,P,K 
dcv,re into approDr^r ??» "" 
owtainere.  Check a  nnJr™ 

"°n'wer is present in 

5 " 

^bel ,ComplTe a ^,fZSam|,p,e id<^cation 

M'thin 24 ite , dld«% should be shipped 
. imperative ZTt£L^°Ph, cdkai"- 't is 

tieihereddailythennaSute,Sii'Pe<i " 
to maximize the timn ,7V?. ^boratory m order 
i-rfore, tht^St:/0',Ub0rJt^ "> 

T" ̂ ««te ^ SUPPed 
they arrive intact. coohng to ensure that 

SSSirfc? »«* rpociai handhhg 
volatile oiganic rVQM treat™e?r of a sample for 
^osuffate preser^v^,^ sodium 
residual chlorine in the waLTT^ * ^ " 
supply) that could cause frr/T pubUc water 

*« Mmttityof the <»Sttl0'i°a,i0° 
However, sodium thin«,Wf„ Lngtf^ contaminants. 
^«u7ptTnTtTOUJdnotbeu5ed> 
requirements must be HOP 6 .Watei; Special 
conducting fieldworlc. "nmed prior to 

2 4 INTERFERENCES AND 
OTENTIAL PROBLEMS 

2.4.1 General 
The primary goal 0f groundwater « ,• 

5^ a representative sample ofThe^J 5 15 t0 

**% Anal^ can bTrol groundwater 
Personnel in two primary 5 fidd 

unrepresentative sample or T?v u. t^Ung 311 

handling of the sample TW 9 y mcorrect 
of introducing fore; J, ' . numerous ways 
•mi iM° • ™«* 
^mpibg procedures and onlv ut'r /odowm8 aria 
Personnel y utlhzmg trained field 

2.4.2 Purging 

, and stratification will 



occur. The well water in the screened section will 
mix with the groundwater due to normal flow 
patterns, but the well water above the screened 
section will remain isolated, become stagnant and 
lack the VOAs representative of the groundwater. 
Sampling personnel should realize that stagnant 
water may contain foreign material inadvertently or 
deliberately introduced from the surface, resulting 
in an unrepresentative sample. To safeguard 
against collecting nonrepresentative stagnant water, 
follow these guidelines during sampling: 

• As a general rule, all monitoring wells 
should be pumped or. bailed prior to 
sampling. Purge water should be 
containerized on site or handled as 
specified in the site-specific project plan. 
Evacuation cf a minimum of one volume of 
water in the well casing, and preferably 
three to five volumes, is recommended for 
a representative sample. In a high-yielding 
ground water formation and where there is 
no stagnant water in the well above the 
screened section, evacuation prior to 
sample withdrawal is not as critical. 

• However, in all cases where the monitoring 
data is to be used for enforcement actions, 
evacuation is recommended. 

• For wells that can be pumped or bailed to 
dryness with the equipment being used, the 
well should be evacuated and allowed to 
recover prior to sample withdrawal. If the 
recovery rate is fairly rapid and the 
schedule allows, evacuation of more than 
one volume of water is preferred. If 
recovery is slow, sample the well upon 
recovery after one evacuation. 

• A nonrepresentative sample can also result 
from excessive pre-pumping of the 
monitoring well. Stratification of the 
leachate concentration in the groundwater 
formation may occur, or heavier-than-water 
compounds may sink to the lower portions 
of the aquifer. Excessive pumping can 
dilute or increase the contaminant 
concentrations from what is representative 
of the sampling point of interest. 

2.4.3 Materials 

Samplers and evacuation equipment (bladders, 
pumps, bailers, tubing, etc.) should be limited to 

those made with stainless steel, Teflon, and glass in 
areas where concentrations are expected to be at or 
near the detection limit. The tendency of organies 
to leach into and out of many materials make the 
selection of materials critical for trace analyses. 
The use of plastics, such as PVC or polyethylene, 
should be avoided when analyzing for organies. 
However, PVC may be used for evacuation 
equipment as it will not come in contact with the 
sample. 

Table 2 on page 7 discusses the advantages and 
disadvantages of certain equipment. 

2.5 EQUIPMENT/APPARATUS 

2.5.1 General 

• water level indicator 
• electric sounder 
- steel tape 
- transducer 
- reflection sounder 
• airline 

• depth sounder 
• appropriate keys for well cap locks 
• steel brush 
• HNU or OVA (whichever is most 

appropriate) 
• logbook 
• calculator 
• field data sheets 
• chain of custody forms 
• forms and seals 
• sample containers 
• Engineer's rule 
• sharp knife (locking blade) 
• tool box (to include at least: screwdrivers, 

pliers, hacksaw, hammer, flashlight, 
adjustable wrench) 

• leather work gloves 
• appropriate health and safety gear 
• 5-gallon pail 
• plastic sheeting 
• shipping containers 
• packing materials 
• bolt cutters 
• Ziploc plastic bags 
• containers for evacuation of liquids 
• decontamination solutions 
• tap water 
• non-phosphate soap 
• several brushes 



Table 2: Advantages arid Disadvantages 
of Various Groundwater Sampling Devices 

Device Advantages Disadvantages 

Bailer • The only practical limitations are size and 
materials 

• No power source needed 
• Portable 
• Inexpensive; it can be dedicated and hung in a 

well reducing the chances of cross-
contamination 

• Minimal outgassing of volatile oiganics while 
sample is in bailer 

• Readily available 
• Removes stagnant water first 
• Rapid, simple method for removing small 

volumes of purge water 

• Time consuming, especially for large wells 
• Transfer of sample may cause aeration 

Submersible 
Pump 

• Portable* can be used on an unlimited number 
of wells 

• Relatively high pumping rate (dependent on 
depth and size of pump) 

• Generally very reliable; does not require 
priming 

• Potential for effects on analysis of trace 
organics 

• Heavy and cumbersome, particularly in 
deeper wells 

• Expensive 
• Power source needed 
• Susceptible to damage from silt or sediment 
• Impractical in low yielding or shallow wells 

Non-Gas Contact 
Bladder Pump 

• Maintains integrity of sample 
• Easy to use 

• Difficult to clean although dedicated tubing 
and bladder may be used 

• Only useful to approximately 100 feet in 
depth 

• Supply of gas for operation (bottled gas 
and/or compressor) is difficult to obtain 
and is cumbersome 

Suction Pump • Portable, inexpensive, and readily available • Only useful to approximately 25 feet or less 
in depth 

• Vacuum can cause loss of dissolved gases 
and volatile organics 

• Pump must be primed and vacuum is often 
difficult to maintain 

• May cause pH modification 

Inertia Pump • Portable, inexpensive, and readily available 
• Rapid method for purging relatively shallow 

wells 

• Only useful to approximately 70 feet or less 
in depth 

• May be time consuming to use 
• Labor intensive 
• WaTerra pump is only effective in 2-inch 

diameter wells 
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• pails or tubs 
• aluminum foil 
• garden sprayer 
• preservatives 
• distilled or deionized water 

2.5.2 Bailer 

• clean, decontaminated bailees) of 
appropriate size and construction material 

• nylon line, enough to dedicate to each well 
• Teflon-coated bailer wire 
• sharp knife 
• aluminum foil (to wrap clean bailers) 
• 5-gallon bucket 

2.5.3 Submersible Pump 

• pump(s) 
• generator (110,120, or 240 volt) or 12-volt 

battery if inaccessible to field vehicle 
• 1-inch black PVC coil pipe — enough to 

dedicate to each well 
• hose clamps 
• safety cable 
• tool box supplement 

- pipe wrenches, 2 
- wire strippers 
• electrical tape 
- heat shrink 
- hose connectors 
- Teflon tape 

• winch or pulley 
• gasoline for generator 
• flow meter with gate valve 
• 1-inch nipples and various plumbing (i.e., 

pipe connectors) 

2.5.4 Non-Gas Contact Bladder Pump 

• non-gas contact bladder pump 
• compressor or nitrogen gas tank 
• batteries and charger 
• Teflon tubing - enough to dedicate to each 

well 
• Swagelock fitting 
• toolbox supplements ~ same as 

submersible pump 

2.5.5 Suction Pump 

• pUmp 
• black coil tubing ~ enough to dedicate to 

each Well 

• gasoline - if required 
• toolbox 
• plumbing fittings 
• flow meter with gate valve 

2.5.6 Inertia Pump 

• pump assembly (WaTerra pump, piston 
pump) 

• 5-gallon bucket 

2.6 REAGENTS 

Reagents will be utilized for preservation of samples 
and for decontamination of sampling equipment. 
The preservation required is specified by the 
analysis to be performed. Decontamination 
solutions are specified in ERT SOP #2006, 
Sampling Equipment Decontamination. 

2.7 PROCEDURES 

2.7.1 Preparation 

1. Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
which equipment and supplies are needed. 

2. Obtain necessary sampling and monitoring 
equipment 

3. Decontaminate or preclean equipment, and 
ensure that it is in working order. 

4. Prepare scheduling and coordinate with staff, 
clients, and regulatory agency, if appropriate. 

5. Perform a general site survey prior to site entry 
in accordance with the site-specific health and 
safety plan. 

6. Identify and mark all sampling locations. 

2.7.2 Held Preparation 

1. Start at the least contaminated well, if known, 

2. Lay plastic sheeting around the well to 
minimize likelihood of contamination of 
equipment from soil adjacent to the well. 



3. Remove locking well cap, note location, time of 
day, and date in field notebook or an 
appropriate log form. 

4. Remove veil casing cap. 

5. Screen headspace of well with an appropriate 
monitoring instrument to determine the 
presence of volatile organic compounds and 
record in site logbook. 

6. Lower water level measuring device or 
equivalent (i.e., permanently installed 
transducers or airline) into well until water 
surface is encountered. 

7. Measure distance from water surface to 
reference measuring point on well casing or 
protective barrier post and record in site 
logbook. Alternatively, if there is no reference 
point, note that water level measurement is 
from top of steel casing, top of PVC riser pipe, 
from ground surface* or some other position on 
the well head. 

8. -Measure total depth of Well (do this at least 
twice to confirm measurement) and record b 
site logbook or on log form. 

9. Calculate the volume of water in the well and 
the volume to be purged using the calculations 
b Section 2J3. 

10. Select the appropriate puigbg and samplbg 
equipment. 

2.7.3 Evacuation of Static Water 
(Purging) 

The amount of flushing a well receives prior to 
sample collection depends on the intent of the 
monitoring program as well as the hydrogeologic 
conditions. Programs where overall quality 
determbation of water resources are involved may 
require long pumping periods to obtain a sample 
that is representative of a large volume of that 
aquifer. The pumped volume can be determined 
prior to samplbg so that the sample is a composite 
of known volume of the aquifer, or the well can be 
pumped Until the stabilization of parameters such as 
temperature, electrical conductance, or pH has 
occurred. 

However, monitoring for defining a contambant 
plume requires a representative sample of a small 
volume of the aquifer. These circumstances require 
that the well be pumped enough to remove the 
stagnant water but not enough to bduce flow from 
other areas. Generally, three well volumes are 
considered effective, or calculations can be made to 
determbe, on the basis of the aquifer parameters 
and well dimensions, the appropriate volume to 
remove prior to samplbg. 

During puigbg. water level measurements may be 
taken regularly at 15- to 30-second btervals. This 
data may be used to compute aquifer transmissivity 
and other hydraulic characteristics. 

The foQowbg well evacuation devices are most 
commonly used. Other evacuation devices are 
available, but have been omitted b this discussion 
due to their limited use. 

Bailer 

Bailers are the simplest purgbg device used and 
have many advantages. They generally consist of a 
rigid length of tube, usually with a ball check-valve 
at the bottom. A lbe is used to lower the bailer 
bto the well and retrieve a volume of water. The 
three most common types of bailer are PVC, 
Teflon, and stainless steel. 

This manual method of purging is best suited to 
shallow or narrow diameter wells. For deep, larger 
diameter wells which require evacuation .of laige 
volumes of water, other mechanical devices may be 
more appropriate. 

Bailing equipment bcludes a clean decontambated 
bailer, Teflon or nylon line, a sharp knife, and 
plastic sheeting. 

L Determbe the volume of water to be purged as 
described b Section 2.7.2, Field Preparation. 

2. Lay plastic sheetbg around the well to prevent 
contambation of the bailer lbe with foreign 
materials. 

3. Attach the lbe to the bailer and lower until the 
bailer is completely submerged. 

4. Pull bailer out ensuring that the lbe either falls 
onto a clean area of plastic sheetbg or never 
touches the ground. > 
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5. Empty the bailer into a pail until full to 
determine the number of bails necessary to 
achieve the required purge volume. 

6. Thereafter, pour the water into a container and 
dispose of purge waters as specified in the site-
specific project plan. 

Submersible Pump 

Submersible pumps are generally constructed of 
plastic, rubber, and metal parts which may affect the 
analysis of samples for certain trace organics and 
inorganics. As a consequence, submersible pumps 
may not be appropriate for investigations requiring 
analyses of samples for trace contaminants. 
However, they are still useful for pre-sample 
purging. However; the pump must have a check 
valve to prevent water in the pump and the pipe 
from rushing back into the well. 

Submersible pumps generally use one of two types 
of power supplies, either electric or compressed gas. 
Electric pumps can be powered by a 12-volt DC 
rechargeable battery, or a 110- or 220-volt AC 
power supply. Those units powered by compressed 
gas normally use a small electric compressor which 
also needs 12-volt DC or 110-volt AC power. They 
may also utilize compressed gas from bottles. 
Pumps differ according to the depth and diameter 
of the monitoring wells. 

L Determine the volume of water to be purged as 
described in section 2.12, Field Preparation. 

2. Lay plastic sheeting around the well to prevent 
contamination of pumps, hoses or lines with 
foreign materials. 

3. Assemble pump, hoses and safety cable, and 
lower the pump into the well. Make sure the 
pump is deep enough so that purging does not 
evacuate all the water. (Running the pump 
without water may cause damage.) 

4. Attach flow meter to the outlet hose to 
measure the volume of Water purged. 

5. Attach power supply, and purge well until 
specified volume of water has been evacuated 
(or until field parameters, such as temperature, 
pH, conductivity, etc. have stabilized). Do not 
allow the pump to run dry. If the pumping rate 

exceeds the well recharge rate, lower the pump 
further into the well, and continue pumping. 

6. Collect and dispose of purge waters as specified 
in the site-speafic project plan. 

Non-Contact Gas Bladder Pump 

For this procedure, an all stainless-steel and Teflon 
Middleburg-squeeze bladder pump (e.g., IEA, 
TIMCO, Well Wizard, Geogiiard, and others) is 
used to provide the least amount of material 
interference to the sample (Barcelona, 1985). 
Water comes into contact With the inside of the 
bladder (Teflon) and the sample tubing, also Teflon, 
that may be dedicated to each well Some wells 
may have permanently installed bladder pumps (i.e., 
Well Wizard, Geoguard), that will be used to 
sample for all parameters. 

L Assemble Teflon tubing, pump and charged 
control box. 

2. Use the same procedure for purging with a 
bladder pump as for a submersible pump. 

3. Be sure to adjust flow rate to prevent violent 
jolting of the hose as sample is drawn in. 

Suction Pump 

There are many different types of suction pumps. 
They include: centrifugal, peristaltic and diaphragm. 
Diaphragm pumps can be used for well evacuation 
at a fast pumping rate and sampling at a low 
pumping rate. The peristaltic pump is a low-volume 
pump that uses rollers to squeeze the flexible 
tubing, thereby creating suction. This tubing can be 
dedicated to a well to prevent cross-contamination. 
Peristaltic pumps, however, require a power source. 

L Assemble the pump, tubing, and power source 
if necessary. 

2. To purge with a suction pump, follow the exact 
procedures outlined for the submersible pump. 

Inertia Pump 

Inertia pumps, such as the WaTerra pump and 
piston pump, are manually operated. They are 
appropriate to use when wells are too deep to bail 
by hand, but are not inaccessible enough to warrant 
an automatic (submersible, eta) pump. These 
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pumps are made of plastic and may be either 
decontaminated or discarded, after use. 

1. Determine the volume of water to be purged as 
described in Section 2.7.2, Field Preparation. 

2. Lay plastic sheeting around the well to prevent 
contamination of pumps or hoses with foreign 
materials. 

3. Assemble pump, and lower to the appropriate 
depth in the well. 

4. Begin pumping manually, discharging water into 
a 5-gallon bucket (or other graduated vessel). 
Purge until specified volume of water has been 
evacuated (or until field parameters such as 
temperature, pH, conductivity, etc have 
stabilized). 

5. Collect and dispose of purge waters as specified 
in the site-specific project plan. 

2.7.4 Sampling 

Sample withdrawal methods require the use of 
pumps, compressed air, bailers, and samplers. 
Ideally, purging and sample withdrawal equipment 
should be completely inert, economical to use, easily 
cleaned, sterilized, reusable, able to operate at 
remote sites in the absence of power resources, and 
capable of delivering variable rates for sample 
collection. 

There are several factors to take into consideration 
when choosing a sampling device. Care should be 
taken when reviewing the advantages or 
disadvantages of any one device. It may be 
appropriate to use a different device to sample than 
that which was used to purge. The most common 
example of this is the use of a submersible pump to 
purge and a bailer to sample. 

Bailer 

The positive-displacement volatile sampling bailer 
(by GPI) is perhaps the most appropriate for 
collection of water samples for volatile analysis. 
Other bailer types (messenger, bottom fill, etc.) are 
less desirable, but may be mandated by cost and site 
conditions. Generally, bailers can provide an 
acceptable sample, providing that sampling 
personnel use extra care in the collection process. 

L Surround the monitoring well with clean plastic 
sheeting. 

2. Attach a line to the bailer. If a bailer was used 
for purging, the same bailer and line may be 

, used for sampling. 

3. Lower the bailer slowly and gently into the 
well, taking care not to shake the casing sides 
or to splash the bailer into the water. Stop 
lowering at a point adjacent to the screen. 

4. Allow bailer to fill and then slowly and gently 
retrieve the bailer from the well, avoiding 
contact with the casing, so as not to knock 
flakes of rust or other foreign materials into 
the bailer. 

5. Remove the cap from the sample container and 
place it on the plastic sheet or in a location 
where it will not become contaminated. See 
Section 2,1.1 for special Considerations on VOA 
samples. 

6. Begin pouring slowly from the bailer. 

7. Filter and preserve samples as required by 
sampling plan. 

8. Cap the sample container tightly and place pre-
labeled sample container in a carrier. 

9. Replace the well cap. 

10. Log all samples in the site logbook and on field 
data sheets and label all samples. 

1L Package samples and complete necessary 
paperwork. 

12. Transport sample to decontamination zone to 
prepare it for transport to analytical laboratory. 

Submersible Pump 

Although it is recommended that samples not be 
collected with a submersible pump due to the 
reasons stated in Section 2.4, there are some 
situations where they may be used. 

L Allow the monitoring well to recharge after 
purging, keeping the pump just above the 
screened section. 
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2. Attach gate valve to hose (if not already fitted), 
and reduce flow of water to a manageable 
sampling rate. 

3. Assemble the appropriate bottles. 

4. If no gate valve is available, run the water down 
the side of a dean jar and fill the sample 
bottles from the jar. 

5. Cap the sample container tightly and place pre-
labeled sample container in a carrier. 

6. Replace the well cap. 

7. Log all samples in the site logbook and on the 
field data sheets and label all samples. 

8. Package samples and complete necessary 
paperwork. 

9. Transport sample to decontamination zone for 
preparation for transport to analytical 
laboratory. 

10. Upon completion, remove pump and assembly 
and fully decontaminate prior to setting into the 
next sample well. Dedicate the tubing to the 
hole. 

Non-Gas Contact Bladder Pump 

The use of a non-gas contact positive displacement 
bladder pump is often mandated by the use of 
dedicated pumps installed in wells. These pumps 
are also suitable for shallow (less than 100 feet) 
wells. They are somewhat difficult to clean, but 
may be used with dedicated sample tubing to avoid 
cleaning. These pumps require a power supply and 
a compressed gas supply (or compressor). They 
may be operated at variable flow and pressure rates 
making them ideal for both purging and sampling. 

Barcelona (1984) and Nielsen (1985) report that the 
non-gas contact positive displacement pumps cause 
the least amount of alteration in sample integrity as 
compared to other sample retrieval methods. 

L Allow well to recharge after purging. 

2. Assemble the appropriate bottles. 

3. Turn pUmp on, increase the cycle time and 
reduce the pressure to the minimum that will 
allow the sample to come to the surface. 

4. Cap the sample container tightly and place pre-
labeled sample container in a carrier. 

5. Replace the well cap. 

6. Log all samples in the site logbook and on field 
data sheets and label all samples. 

7. Package samples and complete necessary 
paperwork. 

8. Transport sample to decontamination zone for 
preparation for transport to analytical 
laboratory. 

9. On completion, remove the tubing from the 
well and either replace the Teflon tubing and 
bladder with new dedicated tubing and bladder 
or rigorously decontaminate the existing 
materials. 

10. Collect non-filtered samples directly from the 
outlet tubing into the sample bottle. 

1L For filtered samples, connect the pump outlet 
tubing directly to the filter Unit. The pump 
pressure should remain decreased so that the 
pressure build-up on the filter does not blow 
out the pump bladder or displace the filter. 
For the Geotech barrel filter, no actual 
connections are necessary so this is not a 
concern. 

Suction Pump 

In view of the limitations of suction pumps, they are 
not recommended for sampling purposes. 

Inertia Pump 

Inertia pumps may be used to collect samples. It is 
more common, however, to purge with these pumps 
and sample with a bailer. 

L Following well evacuation, allow the well to 
recharge. 

2. Assemble the appropriate bottles. 



3. Since these pumps are manually operated, the 
flow rate may be regulated by the sampler. 
The sample may be discharged from the pump 
outlet directly bto the appropriate sample 
container. 

4. Cap the sample container tightly and place pre-
labeled sample container in a carrier. 

5. Replace the well cap. 

6. Log all samples in the site logbook and on field 
data sheets and label all samples. 

7. Package samples and complete necessary 
paperwork. 

8. Transport sample to decontamination zone for 
preparation for transport to analytical 
laboratory. 

9. Upon completion, remove pump and 
decontaminate or discard, as appropriate. 

2.7.5 Filtering 

For samples that require filtering, such as samples 
which will be analyzed for total metals, the filter 
must be decontaminated prior to use and between 
uses. Filters work by two methods. A barrel filter 
such as the "Geotech" filter works with a bicycle 
pump, which is used to build up positive pressure b 
the chamber contabing the sample. The sample is 
then forced through the filter paper (minimum size 
0.45 tan) into a jar placed underneath. The barrel 
itself is filled manually from the bailer or directly 
via the hose of the samplbg pump. The pressure 
must be maintabed up to 30 psi by periodic 
pumping. 

A vacuum type filter bvolyes two chambers, the 
upper chamber contains the sample and a filter 
(minimum size 0.45 tan) divides the chambers, 
Usbg a hand pump or a Gilian type pump, air is 
withdrawn from the lower chamber, ereatbg a 
vacuum and thus causbg the sample to move 
through the filter bto the lower chamber where it 
is drained bto a sample jar, repeated pumpbg may 
be required to drab all the sample bto the lower 
chamber. If preservation of the sample is necessary, 
this should be done after filtering. 

2.7.6 Post Operation 

After all samples are collected and preserved, the 
samplbg equipment should be decontambated prior 
to samplbg another well. This will prevent 
cross-contambation of equipment and monitorbg 
wells between locations. 

L Decontambate all equipment. 

2. Replace samplbg equipment b storage 
contabers. 

3. Prepare and transport water samples to the 
laboratory. Check sample documentation and 
make sure samples are properly packed for 
shipment 

2.7.7 Special Considerations for VOA 
Sampling 

The proper collection of a sample for volatile 
oiganics requires minimal disturbance of the sample 
to limit volatilization and therefore a loss of 
volatiles from the sample. 

Sample retrieval systems suitable for the valid 
collection of volatile organic samples are: positive 
displacement bladder pumps, gear driven 
submersible pumps, syringe samplers and bailers 
(Barcelona, 1984; Nielsen, 1985). Field conditions 
and other constrabts will limit the choice of 
appropriate systems. The focus of concern must be 
to provide a valid sample for analysis, one which has 
been subjected to the least amount of turbulence 
possible. 

The followbg procedures should be followed: 

1. Open the vial, set cap b a clean place, and 
collect the sample during the middle of the 
cycle. When collectbg duplicates, collect both 
samples at the same time. 

2. Fill the vial to just overflowing. Do not rinse 
the vial, nor excessively overfill it. There 
should be a convex meniscus on the top of the 
vial. 

3. Check that the cap has not been contambated 
(splashed) and carefully cap the viaL Place the 
cap directly over the top and screw down 
firmly. Do not overtighten and break the cap. 
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4. Invert the vial and tap gently. Observe vial for 
at least 10 seconds. If an air bubble appears, 
discard the sample and begin again. It is 
imperative that no entrapped air is in the 
sample Vial. 

5. Immediately place the vial in the protective 
foam sleeve and place into the cooler, orien'ed 
so that it is lying on its side, not straight up. 

6. The holding time for VQAs is 7 days. Samples 
should be shipped or delivered to the laboratory 
daily so as not to exceed the holding time. 
Ensure that the samples remain at 4°C, but do 
not allow them to freeze. 

2.8 CALCULATIONS 

There are no calculations necessary to implement 
this procedure. However, if it is necessary to 
calculate the volume of the well, utilize the 
following equation: 

Well volume = nr*h (cf) [Equation 1] 

where: 
n pi 
r = radius of monitoring well (feet) 
h = height of the water column (feet) 

[This may be determined by 
subtracting the depth to water 
from the total depth of the well as 
measured from the same reference 
point.) 

cf = conversion factor (gal/ft3) = 7.48 
gal/ft3 [In this equation, 7.48 
gal/ft3 is the necessary conversion 
factor.) 

Monitoring wells are typically 2, 3, 4, or 6 inches in 
diameter. If you know the diameter of the 
monitoring well, there are a number of standard 
conversion factors which can be used to simplify the 
equation above. 

The volume, in gallons per linear foot, for various 
standard monitoring well diameters can be 
calculated as follows: 

v = nr2 (cf) [Equation 2) 

where: 
v - Volume in gallons per linear foot 
n = pi 
r = radius of monitoring well (feet) 
cf = conversion factor (7.48 gal/ft3) 

For a 2-inch diameter well, the volume in gallons 
per linear foot can be calculated as follows: 

v = nr2 (cf) [Equation 2) 
= 314 (1/12 ft)2 7.48 gal/ft3 

= 01632 gal/ft 

Remember that if you have a 2-inch diameter, well 
you must convert this to the radius in feet to be 
able to use the equation. 

The volume in gallons per linear foot for the 
common size monitoring wells are as follows: 

Well Diameter 

2 inches 
3 inches 
4 inches 
6 inches 

v fvolume in gal/ft 1 

01632 
03672 
0.6528 
L4688 

If you utilize the conversion factors above, Equation 
1 should be modified as follows: 

Well volume = (h)(v) [Equation 3) 

where: 
h 
v 

2.9 

= height of water column (feet) 
= volume in gallons per linear foot as 

calculated from Equation 2 

QUALITY ASSURANCE/ 
QUALITY CONTROL 

There are no specific quality assurance activities 
which apply to the implementation of these 
procedures. However, the following general QA 
procedures apply: 

• All data must be documented on field data 
sheets or within site logbooks. 

• All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 



otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
sampling/operation and they must be 
documented. 

2.10 DATA VALIDATION 

This section is not applicable to this SOP. 

2.11 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA and specific health and 
safety procedures. More specifically, depending 
upon the site-specific contaminants, various 
protective programs must be implemented prior to 
sampling the first well. The site health and safety 
plan should be reviewed with specific emphasis 
placed on the protection program planned for the 
well sampling tasks. Standard safe operating 
practices should be followed such as minimizing 
contact with potential contaminants in both the 
vapor phase and liquid matrix through the use of 
respirators and disposable clothing. 

For volatile organic contaminants: 

• Avoid breathing constituents venting from 
the well. 

• Pre-survey the well head-space with an 
FID/PID prior to sampling. 

• If monitoring results indicate organic 
constituents, sampling activities may be 
conducted in Level C protection. At a 
minimum, skin protection will be afforded 
by disposable protective clothing. 

Physical hazards associated with well sampling are: 

• Lifting injuries associated with pump and 
bailer retrieval; moving equipment. 

• Use of pocket knives for cutting discharge 
hose. 

• Heat/cold stress as a result of exposure to 
extreme temperatures (may be heightened 
by protective clothing). 

• Slip, trip, fall conditions as a result of 
pump discharge. 

• Restricted mobility due to the wearing of 
protective clothing. 
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ATTACHMENT C 

LOW STRESS PURGING AND SAMPLING SOP 



GATE. 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY • '  

REGION II .JxkfcU* "  •' 

MAR2C.1S93 
Final L'SEPA Eecicr. II Lew Stress (Lew Flew) Ground W=:er Sampling 

SGB-'SCT: Standard Operating Procedure. 

rRCM: =s»"cara A. Finazzo, Director 
Division of Environmental Scier.es ar.d Assessment 

TO: 

Kathlsen C. Callahan, Director (DEPP) 
Richard L. Cases, Director (EH.F.D) ̂  ~~ 
Cor.rad Sirr.cn, Dirsczor (DECA) ' -
Carl Scderberg, Dirsczor (CEPD) v-_-w 4 

Azzachsd for your information and distribution to your division^ 
please find the USEPA Region II Low Stress (Low Flew) Ground 
Water Sampling Standard Operating Procedure (SOP). This SO? is 
now the standard method for collecting ground water samples for 
the Region. 

In the majority of cases, low stress sampling has beer, 
demonstrated to result in samples which are more representative 
of nascent ground water quality. Samples collected using the low 
stress technicue usually display lower turbidity, ar.d, where 
present, higher concentrations of volatile compounds. Adoption cf 
the lew stress SOP is consistent with Region II's commitment to-
obtaining representative samples for purposes of characterization 
ar.d decision making. However, it does not preclude use of otr.er 
methods on a case by case basis-

We are in the process of developing a hands-on training for EPA 
ar.d state personnel, and plan to make it available here ir. Edisor. 
this summer. 

If you have any questions regarding these matters, please call me 
at (732) 321-5734, or have your staffs call Dennis McChesr.ey at 
(732) 321-6725. 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 
REGION II 

GROUND WATER SAMPLING PROCEDURE 
LOW STRESS (Low Flow) PURGING AND SAMPLING 

SCOPE & APPLICATION 

This Lew Stress (or Low-Flow) Purging and Sampling Procedure is the 
EPA Region II standard method for collecting low stress (low flow) 
ground water samples from monitoring wells. Low stress Purging ana 
Sampling results in collection of ground water samples from monitor 
wells that are representative of ground water conditions in the 
geological formation. This is accomplished by minimizing stress on 
the geological formation ana minimizing disturbance of sediment tha 
has collected in the well. The procedure applies to monitoring we1 
that have an inner casing with a diameter of 2.0 inches or greater, 
and maximum screened intervals of ten feet unless multiple interva._ 
are sampled. The procedure is appropriate for collection of ground 
water samples that will be analyzed for volatile and semi-volatile 
organic compounds (VCCs and SVOCs), pesticides, polychlorinatea 
biphenyis (PCBs), metals, and microbiological ana other contaminant 
ir. association with all EPA programs. 

This crocedure does not address the collection of light or cense no 
aqueous phase liquids (1NAPL or DNAPL) samples, and should be usee 
aqueous samples only. For sampling NAPLs, the reader is referred t 
the following EPA publications: DNAPL Site Evaluation (Cohen & Mere 
1953) and the .RCFA .Ground-Water Monitoring.:..Draft Technical. Guidanc 
!E?A/520-R-93-001), and references therein. 

'METHOD SUMMARY 

The purpose of the low stress purging and sampling procedure is 
to collect ground water samples from monitoring wells that are 
representative of ground water conditions in the geological 
formation. This is accomplished by setting the intake velocity 
of the sampling pump to a flow rate that limits drawdown inside 
the well casing. . 
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Sampling at the crescribed (low) flow rats has three primary benerits. 
First, it minimizes disturbance of sediment in the bottom or tne we a _, 
thereby producing a sample with low turbidity (i.e., lew concentration 
of susoended particles) . Typically, this saves time anc analytical, 
costs by eliminating the need for collecting and analyzing an 
additional filtered samole from the same well. Second, cms procedure 
minimizes aeration of the ground water during sample collection, which 
into roves the samole oualitv for VOC analysis. inird, in mosu cases 
the procedure significantly reduces the volume of ground water purged 
from a well and the costs associated with its proper treatment and 
disposal, 

III. ADDRESSING POTENTIAL PROBLEMS 

Problems that may be encountered using this technique include a) 
difficulty in sampling wells with insufficient yield; b) failure of 
one or more key indicator parameters to stabilize; c) cascading cf 
water and/or formation of air bubbles in the tubing; ana d) cross-
contamination between wells. 

Insufficient. Yield 
Wells with insufficient yield (i.e., low recharge rate of the well) 
mav dewater during purging. Care should be taken to avcia loss oz 
oressure in the tubing line due to dewatering cf the well below tne 
level of the pump's intake. Purging should be interrupted before tne 
water level in the well drops below the top of the pump, as this may 
induce cascading of the sand pack. Pumping the well dry should 
therefore be avoided to the extent possible in all cases. Sampling 
should commence as scon as the volume in the well has recovered 
sufficiently to allow collection of samples. Alternatively, grounc 
water samples may be obtained with techniques designed for the 
unsaturated zone, such as iysimeters. 

Failure to Stabilize Key Indicator Parameters 

If one or more key indicator parameters fails to stabilize alter 4 
hours, one of three options should be considered: a) continue purging 
in an attempt to achieve stabilization; b) discontinue purging, co net 
collect samples, and document attempts to reach stabilization m tne 
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leg beck; c; di5ccr.cir.ue purging, collect: samples, and document 
attempts to reach stabilization in the leg book; or a) Secure the 
well, purge and collect samples che nexC day (preferred). The key 
indicacor parameter for samples Co be analyzed fcr VCCs is dissolved 
oxygen. The key indicacor parameter for all other samples is 
turbidity. 

Cascading 
To prevent cascading and/or air bubble formation in che cubing, care 
should be taken to ensure that the flow rate is sufficient co maintain 
pump suction. Minimize the length and diameter of tubing (i.e., 1/4 
or 3/3 inch ID) to ensure that the tubing remains filled with ground 
water during sampling. 

Cross-Contamination 

To prevent cross-contamination between wells, it is strongly 
recommended that dedicated, in-place pumps be used. As an 
alternative,, the potential for cross-contamination can be reduced by 
performing the more thorough "daily" decontamination procedures 
between sampling of each well in addition to the start of each 
sampling day (see Section VII, below). 

Equipment Failure 

Adequate equipment should be on-hand so that equipment failures do net 
adversely impact sampling, activities. 

IV. PLANNING DOCUMENTATION AND EQUIPMENT 

• Approved site-specific Field Sampling Flan/Quality Assurance 
Project Plan (QAP?). This plan must specify the type cf pump and 
other equipment to be used. The QAP? must also specify the depth 
to which the pump intake should be lowered in each well. 
Generally, the target depth will correspond to the mid-point cf 
the most permeable zone in the screened interval. Borehole 
geologic and geophysical legs can be used to help select the most 
permeable zone. However, in some cases, ether criteria may be 
used co select the target depth for the pump intake. In all 
cases, the target depth must be approved.by the EPA 
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Well ccr.seruc:ion data, location map, field data from last 
sameling event. 

Polyethylene sheeting. 

Flame Ionization Detector (FID) and Photo Ionization le'.ec^o.. 

(PID). 

Adjustable rate, positive displacement ground water sampling cum 
(e.a., centrifugal or bladder pumps constructed of stainless 
steel'or Teflon). A peristaltic pump may only be used for 
inorganic sample collection. 

Interface probe or equivalent device for determining the preser.c 
or absence of NAPL. 

Teflon or Teflon-lined polyethylene tubing to collect samples :o 
organic analysis. Teflon or Teflon-lined polyethylene, =VC,^iygc 
or colvethylene tubing to collect samples for inorganic analysis 
Sufficient*tubing of the appropriate material must.be available 
so that each well has dedicated tubing-

Water level measuring device, minimum 0.01 foot accuracy, 
(electronic creferred for tracking water level drawdown during 
all Dumping operations). 

Flow measurement supplies (e.g., graduated cylinder arc stop 
watch or in-line flow meter). 

Power source (generator, nitrogen tank, etc.) . 
Monitoring instruments for indicator parameters. r.n ana a^. ==w^v 
oxygen must be monitored in-line using an instrument witr. a 
continuous readout disolav. Specific conductance, wr., a..a 
temoerature may be monitored either in-line or using separate 
crones. A r.eohalometer is used to measure tumidity. 

Decontamination sureties (see Section Vii, eelew). 

Lcebcok (see Section V I I I ,  below). 



• Samcie cotties. 

• Sample creservatipn supplies (as required by the analytical 
methods). 

• Sample tags cr labels, chain of custody. 

V. SAMPLING PROCEDURES 

Pre-Sampling.Activities 

1. Start at the well known or believed to have the least 
contaminated ground water and proceed systematically to the well 
with the most contaminated ground water. Check the well, the 
lock, and the locking cap for damage or evidence of tampering. 
Record observations. 

2. Lay out sheet of polyethylene for placement of monitoting arc 
sampling equipment. 

3. Measure VGCs at the rim ox the unopened well with a ?ID and FID 
instrument and record the reading in the field log book. 

4. Remove well cap:. 

5. Measure VCCs at the rim of the opened well with a ?ID and an FID 
instrument and record the reading in the tield log cock. 

6 .  If the well casing does not have a reference, point (usually a V-
cut or indelible mark in the well casing), make one. Note that 
the reference point should be surveyed for correction of grcurc 
water elevations to the mean geodesic datum (MSL). 

in c.—— .v ~ i - s 
«•» u* 

7. Measure and record the depth to water (to 0.01 
to be sampled trior to purgin?- Care should be taken to mini" 
disturbance in the water column and dislodging of any particuia 
matter attached to the sides or settled at the tcttom ct tr.e 
WS11. 

3. If desired, measure and record the depth ot any NAFLs using an 
interface crcbe. Care should be taker, to minimize disturbance 
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anv sediment that has accumulated at the bottom of the well. 
Record the observations in the log beck. If LNAPLs and/or OTA Pis 
are detected, install the pump at this time, as described ir. step 
9, below. Allow the well to sit for several days between the 
measurement or sampling of any DNAPLs and the low-stress purging 
ana sampling of the ground water. 

Sampling. Procedures 

9. Install Pump: Slowly lower the pump, safety cable, tubing and 
electrical lines into the well to the depth specified for that 
well in the EPA-approved QAP? or a depth otherwise approved by 
the EPA hydro-geologist or EPA project scientist. The pump intake 
must be kept at least two (2) feet above the bottom of the well 
to prevent disturbance ana resuspension of any sediment or NAPL 
present in the bottom of the well. Record the depth to which the 
pump is lowered. 

10. Measure Water level: Before starting the pump, measure the water 
level again with the pump in the well. Leave the water level 
measuring device in the well. 

11. . Purge Well: Start pumping the well at 200 to 500 milliliters 
oer minute (mi/min). The water level should be monitored 
approximately every five minutes. Ideally, a steady flow 
rate should be maintained that results in a stabilized water 
level (drawdown of 0.3 ft or less). Pumping races should, it 
needed, be reduced to the minimum capabilities of the pump 
to ensure stabilization of the water level. .As noted acove, 
care - Should be taken to maintain pump suction and to avoid 
encralnmenc of air in the tubing. Record each adjustment 
made to the pumping rate and the. water level measured 
immediately after each adjustment. 

12. Monitor Indicator Parameters: During purging of one wall, 
mo"* ~ c v~ and ""-sccrl the field indicator parameters (turbidity, 
temperature, specific conductance, p.K, Eh, and CO) approximately 
everv five minutes.. The well is considered stabiliz.ee ana rescy 
for sample collection when the indicator parameters have 
stabilized for three consecutive readings ss tollcws (ruis ar.c 
Barcelona, 1995) : 
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+3% for specific conductance (conductivity) 
*10 mv fcr redox potential 
+10% fcr DO and turbidity 

Dissolved oxygen and turbidity usually require the longest time 
to achieve stabilization. The pump muse not be removed from the 
well between purging and sampling. 

13. Collect Samples: Collect samples at a flow rate between 100 and 
250 ml/min and such that drawdown of the water level within the 
well does not exceed the maximum allowable drawdown of 0.3 ft. 
VCC samples must be collected first and directly into sample 
containers. All sample containers should be. filled with minimal 
.turbulence by allowing the ground water to flow from the tubing 
gently down the inside of the container. 

Ground water samples to be analyzed for volatile organic 
compounds (VGCs) require pH adjustment. - The appropriate EPA 
Program Guidance should be consulted to determine whether pH 
adjustment is necessary. If pK adjustment is necessary for VCC 
sample preservation/ the amount of acid to be added to each 
sample vial prior to sampling should be determined, drop by drop, 
on a separate and equal volume of water (e.g., 40 ml). Ground 
water purged from the well prior to sampling can be used for this 
purpose. 

14. P.emcve Pump and Tubing: After collection of the samples, the 
tubing, unless permanently installed, must be properly discarded 
or dedicated to the well for resampling by hanging the tubing 
inside the well. 

15. Measure and record well depth. 

15. Close and leek the well. 

VI. FIELD QUALITY CONTROL SAMPLES 

Quality control samples must be collected to determine if sample 
collection and handling procedures have adversely affected the quality 
of the ground water samples. The appropriate EPA Program Guioar.ce 
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shoulci be consulied in preparing the field QC sample requ.ire~.enra c. 
the sire-specific QA?P, 

All field quality control samples must be prepared exactly as regular 
investigation samples with regard to sample volume, containers, ar.c 
preservation. The following quality control samples should ne 
collected during tne sampling event: 

• Field duplicates 
• TriD blanks for VOCs only ^ 

Equipment blank (not necessary if equipment is dedicated'to t..e 
well) 

As noted above, ground water samples should De collected 
systematically from wells with the lowest level of contamination 
through to wells with highest level of contamination. The equipment 
blank'should be collected after sampling from the most contaminatec 

well. 

VII. DECONTAMINATION 

Non-disDOsable sampling equipment, including tne pump and supporu 
cable and electrical wires which contact the sample, must be 
decontaminated thoroughly each day before use ("daily cecon )^ and 
after each well is sampled ("between-well decon"). Dedicated, 
.in-place pumps and tubing must be thoroughly decontaminated using 
"daily decon" crocedures (see #17, below) prior to their 1-----1 
For centrifugal pumps, it is strongly recommended that non-cispcsaoie 
sampling equipment, including the pump and support cable anc 
electrical wires in contact with tne sample, be ceccrn.~^i.a^=c 
thoroughly each cay before use ("daily ceccn"). 

EPA's field experience indicates that the lite or centrifugal pu..;~= 
may be extended by removing entrained grit. This also permits 
inscecticn and reclaoement of the cooling water m. centrifugal P'-...-3. 

All nor.-dedicated sampling equipment (pumps, tubing, etc.) must ce 
decontaminated after each well is sampiec ("oetwe-cn-we^.- c=ccn, 
#13 beicw). 

17. Daily Decon 

& 
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A) Pre-rir.se: Operate pump in a deep basin containing 3 to 10 
gallons of potable water for 5 minutes and flush cz'r.er equipment 
with potable water for 5 minutes. 

B) Wash: Operate pump in a deep basin containing 3 to 10 gallone 
of a non-phosphate detergent solution, such as Alccnox, for 5 
minutes ana flush other equipment with fresh detergent solution 
for 5 minutes. Use the detergent sparingly. 

C) Rinse: Operate pump in a deep basin of potable water for 5 
minutes and flush other equipment with potable water for 5 
minutes. 

D) Disassemble p U.mp . 

E) Wash pump parts: Place the disassembled parts of the pump into 
a deep basin containing 8 to 10 gallons of non-phosphate 
detergent solution. Scrub all pump parts with a test tube brush. 

F) Rinse pump parts with potable water. 

G) Rinse the following pump parts with distilled/ ceionized 
water: inlet screen, the shaft, the suction interconnector, the 
motor lead assembly, and the stator housing. 

K) Place impeller assembly in a large glass beaker ar.c rinse with 
1% nitric acid (H;N03) . 

I) Rinse, impeller assembly with potable water. 

J) Place impeller assembly in a large glass bleaker and rir. 
with isopropanol. 

:<5 Rinse impeller assembly with distilled/deicnizec water. 

IS. Between-Well Decoii 

A) Pre-rinse: Operate pump in a deep basin containing S to 
gallons of potable water for 5 minutes and flush other equi 
with actable water for 5 minutes. 



5) Wash: Ccerate pump in a deep basin containing 3 to 10 gallons 
of a non-phosphate detergent solution, such as Alconox, tor 5 
minutes and flush other equipment with fresh, detergent solution 
for 5 minutes. Use the detergent sparingly. 

C) Rinse: Operate pump in a deep basin of potable water tor 5 
minutes ana flush other equipment with potable water for 5 
minutes. 

D) Final Rinse: Operate pump in a deep basin of 
distilled/deionized water to pump out 1 to 2 gallons of this 
final rinse water. 

VIII .  FIELD LOG BOOK 

A'field lea book must be kept each time ground water monitoring 
activities are conducted in the field. The field log book shcuic 
document the following: 
• Well identification number and physical condition. 
• Well depth, and measurement technique. 
•  Stat ic  water  level  depth,  date,  t ime,  and measurement technique 
• Presence and thickness of immiscible liquid layers and detectic: 

method. 
• Collection method for immiscible liquid layers. 
• Pumping rate, drawdown, indicator parameters values, and clock 

time, at three to five minute intervals; calculate or measure 
total volume pumped. 
Well sampling sequence and time, of sample collection. 
Tvoes of sample bottles used and sample identification turners. 
Preservatives used. 
Parameters requested for analysis. 
Field observations of sampling event. 
Name of sample collector(s). 
Weather conditions. 
CA/QC data, for field instruments. 

IX. REFERENCES 

Cohen, R.M. and J.W. Mercer, 1593, DNAPL Site Evaluation,'C.K. Smciey 
Press, Boca Raton, Florida 
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water 
R.U-. and. M.J. Barcelona, 1 5 9 6 ,  Low--Flow 
S arm ling Procedures , EPA/54Q/S-95/504 . 

(Minimal Drawdown) Ground-

U.S. SPA, 1993, RCRA Ground-Wacer Monitoring: Draft Technical Guidance, 
EFA/530-R-93-001. 

U.S. EPA Region II, 1939, CERCLA Quality Assurance Manual. 

I 



ATTACHMENT D 

WELL DEVELOPMENT 
EPA/ERT SOP#2156 



6.0 WELL DEVELOPMENT: SOP #2156 

6.1 SCOPE AND APPLICATION 

The purpose of monitoring well development is to 
ensure removal of fines from the vicinity of the well 
screen. This allows free flow of water from the 
formation into the well and also reduces the 
turbidity of the water during sampling events. The 
most common well development methods are: 
surging, jetting, and overpumping. 

Surging involves raising and lowering a surge block 
or surge plunger inside the well. The resulting 
motion surges water into the formation and loosens 
sediment to be pulled from the formation into the 
well. Occasionally, sediment must be removed from 
the well with a sand bailer to prevent sand locking 
of the surge block. This method may cause the 
sand pack around the screen to be displaced to a 
degree that damages its value as a filtering medium.. 
For example, channels or voids may form near the 
screen if the filter pack sloughs away during surging 
(Keely and Boateng, 1987), 

Jetting involves lowering a small diameter pipe into 
the well to a few feet above the well screen, and 
injecting water or air through the pipe under 
pressure so that sediments at the bottom are 
geysered out the top of the well. It is important not 
to jet air or water directly across the screen. This 
may cause fines in the well to be driven into the 
entrance of the screen openings thereby causing 
blockages. 

Overpumping involves pumping at a rate rapid 
enough to draw the water level in the well as low as 
possible, and allowing it to recharge. This process 
is repeated until sediment-free water is produced. 
Overpumping is not as vigorous as surging and 
jetting and is probably the most desirable for 
monitoring well development. 

6.2 METHOD SUMMARY 

Development of a well should occur as soon as 
practical after installation, but not sooner than 48 
hours after grouting is completed, if a rigorous well 
development is being used. If a less rigorous 
method, such as bailing, is used for development, it 
may be initiated shortly after installation. The main 

concern is that the method being used for 
development does not interfere with allowing the 
grout to set. 

Open the monitoring well, take initial measurements 
(e.g. head space air monitoring readings, water 
level, well depth, pH, temperature, and specific 
conductivity) and record results in the site logbook. 
Develop the well by the appropriate method (i.e., 
overpumping, jetting, or surging) to accommodate 
site conditions and project requirements. Continue 
until the developed water is clear and free of 
sediment. Containerize all discharge water from 
known or suspected contaminated areas. Record 
final measurements in the logbook. Decontaminate 
equipment as appropriate prior to use in the next 
well. 

6.3 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, AND 
STORAGE 

This section is not applicable to this Standard 
Operating Procedure (SOF). 

6.4 INTERFERENCES AND 
POTENTIAL PROBLEMS 

The following interferences or problems may occur 
during Well development: 

• The possibility of disturbing the filter pack 
increases with surging and jetting well 
development methods. 

• The introduction of external water or air by 
jetting may alter the hydrochemistry of the 
aquifer. 

6.5 EQUIPMENT/APPARATUS 

The type of equipment used for well development is 
dependent on the diameter of the well For 
example, submersible pumps cannot be used for 
well development unless the wells are 4 inches or 
greater in diameter, because the smallest 
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submersible pump has a 3 1/4 inch O.D. 

In general, the well should be developed shortly 
after it is drilled. Most drilling rigs have air 
compressors or pumps that may be used for the 
development process. 

6.6 REAGENTS 

No chemical reagents are used in this procedure 
except for decontamination solutions. For 
guidelines on equipment decontamination, refer to 
ERT SOP #2006, Sampling Equipment 
Decontamination and the site-specific work plan. 

6.7 PROCEDURES 

6.7.1 Preparation 

1. Coordinate site access and obtain keys to the 
monitoring well security cap locks. 

2. Obtain information on each well to be 
developed (i,e., drilling, method, well diameter, 
depth,  screened interval ,  ant icipated 
contaminants, etc.). 

3. Obtain a water level meter, air monitoring 
equipment, materials for decontamination, pH 
and electrical conductivity meters, a 
thermometer, and a stopwatch. 

4. Assemble containers for temporary storage of 
water produced during well development. 
Containers must be structurally sound, 
compatible with anticipated contaminants, and 
easy to manage in the field. The use of 
truck-mounted tanks may be necessary in some 
racpc- alternately, a portable Water treatment 
unit (eg. activated carbon) may be used to 
decontaminate the purge Water. 

6.7.2 Operation 

The development should be performed as soon as 
practical after the well is installed, but no sooner 
than 48 hours after grouting is completed. 
Dispersing agents, acids, or disinfectants should not 
be used to enhance development of the well. 

1. Assemble necessary equipment on a plastic 
sheet around the well. 

2. Record pertinent information in field logbook 
(personnel, time, location ID, etc.). 

3. Open monitoring well, and take air monitoring 
readings at the top of casing and in the 
breathing zone as appropriate. 

4. Measure depth to water and the total depth of 
the monitoring well  from the same datum 
point. 

5. Measure the initial pH, temperature, and 
specific conductivity of the water and record in 
the logbook. 

6. Develop the well until the water is clear and 
appears to be free of sediment. Note the initial 
color, clarity and odor of the water. 

7. All water produced by development in 
contaminated or suspected contaminated areas 
mint he containerized or treated. Clearly label 
each container with the location ID. 
Determination of the appropriate disposal 
method will be based on the first round of 
analytical results from each well. 

8. No water should be added to the well to assist 
development without prior approval by the site 
geologist. If a well cannot be cleaned of mud 
to produce formation water because the aquifer 
yields insufficient water, small amounts of 
potable water may be injected to dean up this 
poorly yielding well. This may be done by 
dumping hi buckets of water. When most of 
the mud is out, continue development with 
formation water only. It is essential that at 
least five times the amount of water injected 
mUSt be produced back from the well in order 
to ensure that all injected water is removed 
from the formation. 

9. Note the final color, clarity and odor of the 
water. 

1G. Measure the final pH, temperature and specific 
conductance of the water and record in the 
field logbook. 

11. Record the following data in the field logbook: 

• well designation (location ID) 
• date(s) of well installation 
• date(s) and time of well development 
• static water level before nnd after 
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development 
• quantity of water removed and time of 

removal 
• type and size/capacity of pump and/or 

bailer used 
• description of well development techniques 

used 

6.7.3 Post Operation 

1. Decontaminate all equipment. 

2. Store containers of purge water produced 
during development in a safe and secure area. 

3. After the first round of analytical results have 
been received, determine and implement the 
appropriate purge water disposal method. 

6.8 CALCULATIONS 

There are no calculations necessary to implement 
this procedure. However, if it is necessary to 
calculate the volume of the well, utilize the 
following equation; 

Well volume = m^hfcf) [Equation 1] 

where: 
n 
r 
h 

pi 
radius of monitoring well (feet) 
height of the water column (feet) 
[This may be determined by 

• subtracting the depth to water 
from the total depth of the well as 
measured from the same reference 
point.] 

cf = conversion factor (gal/ft3) = 7.48 
gal/ft3 [In this equation, 7.48 
gal/ft3 is the necessary conversion 
factor, because 7.48 gallons of 
water occupy 1 ft3] 

Monitoring wells are typically 2 inches, 3 inches, 4 
inches, or 6 inches in diameter. If the diameter of 
the monitoring well is known, a number of Standard 
conversion factors can be used to simplify the 
equation above. 

The volume, in gallons per linear foot, for various 
standard monitoring well diameters can be 
calculated as follows: 

v = 

where: 
v = 
n = 
f = 
cf = 

nr2(cf) [Equation 2] 

volume in gallons per linear foot 
P' 
radius of monitoring well (feet) 
conversion factor (7.48 gal/ft3) 

For a 2-inch diameter well, the volume per linear 
foot can be calculated as follows; 

v = nr*(cf) [Equation 2] 
3.14 (1/12 ft)1 7.48 gal/ft3 
0.1632 gal/ft 

Remember that if you have a 2-inch diameter well, 
you must convert this to the radius in feet to be 
able to use the equation. 

The volume per linear foot for monitoring wells of 
common sum are as follows: 

Well diameter 

2-inch 
3-inch 
4-inch 
6-inch 

v (volume in gal/ft .1 

0.1632 
03672 
0.6528 
1.4688 

If you utilize the factors above, Equation 1 should 
be modified as follows: 

Well volume = h(v) [Equation 3] 

where: 
h = 
v = 

height of water column (feet) 
volume in gallons per linear foot 
from Equation 2 

6.9 QUALITY ASSURANCE/ 
QUALITY CONTROL 

There are no specific quality assurance activities 
which apply to the implementation of these 
procedures. However, the following general QA 
procedures apply: 

• All data must be documented on standard 
chain of custody forms, field data sheets or 
personal/site logbooks. 

• All instrumentation mUst be operated in 
accordance with operating instructions as 
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supplied by the manufacturer, unless 6.11 HEALTH AND SAFETY 
otherwise specified in the work plan. 
Equipment checkout and calibration When working with potentially hazardous materials, 
activities must occur prior to follow U.5. EPA, OSHA, and specific health and 
sampling/operation and they must be safety procedures, 
documented. 

6.10 DATA VALIDATION 

This section is not applicable to this SOP. 



ATTACHMENT E 

SAMPLING EQUIPMENT DECONTAMINATION 
EPA/ERT SOP #2006 



1.0 SAMPLING EQUIPMENT DECONTAMINATION: SOP #2006 

1.1 SCOPE AND APPLICATION 

This Standard Operating Procedure (SOP) describes 
methods used for preventing or reducing cross-
contamination, and provides general guidelines for 
sampling equipment decontamination procedures at 
a hazardous waste site. Preventing or minimizing 
cross-contamination in sampled media and in 
samples is important for preventing the introduction 
of error into sampling results and for protecting the 
health and safety of site personnel. 

Removing or neutralizing contaminants that have 
accumulated on sampling equipment ensures 
protection of personnel from permeating substances, 
reduces or eliminates transfer of contaminants to 
clean areas, prevents the mixing of incompatible 
substances, and minimizes the likelihood of sample 
cross-contamination. 

1.2 METHOD SUMMARY 

Contaminants can be physically removed from 
equipment, or deactivated by sterilization or 
disinfection. Gross contamination of equipment 
requires physical decontamination, including 
abrasive and non-abrasive methods. These include 
the use of brushes, air and wet blasting, and high-
pressure water cleaning, followed by a wash/rinse 
process using appropriate cleaning solutions. Use 
of a solvent rinse is required when organic 
contamination is present. 

1.3 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, AND 
STORAGE 

This section is not applicable to this SOP. 

1.4 INTERFERENCES AND 
POTENTIAL PROBLEMS 

• The use of distilled/deionized water 
commonly available from commercial 
vendors may be acceptable for 
decontamination of sampling equipment 

provided that it has been verified by 
laboratory analysis to be analyte free. 

• An untreated potable water supply is not 
an acceptable substitute for tap water. Tap 
water may be used from any municipal 
water treatment system for mixing of 
decontamination solutions. 

• Acids and solvents utilized in the 
decontamination sequence pose the health 
and safety risks of inhalation or skin 
contact, and raise shipping concerns of 
permeation or degradation. 

• The site work plan must address disposal 
of the spent decontamination solutions. 

• Several procedures can be established to 
tninimrra contact with waste and the 
potential for contamination. For example: 

Stress work practices that 
minimiyf* contact with hazardous 
substances. 

Use remote sampling, handling, 
and container-opening techniques 
when appropriate. 

Cover monitoring and sampling 
equipment with protective material 
to minimize contamination. 

Use disposable outer garments 
and disposable sampling 
equipment when appropriate. 

1.5 EQUIPMENT/APPARATUS 

• appropriate personal protective clothing 
• non-phosphate detergent 
• selected solvents 
• long-handled brushes 
• drop cloths/plastic sheeting 
• trash container 
• paper towels 
• galvanized tubs or buckets 
• tap water 



• distilled/deionized water 
• metal/plastic containers for storage and 

disposal of contaminated wash solutions 
• pressurized sprayers for tap and 

deionized/distilled water 
• sprayers for solvents 
• trash bags 
• aluminum foil 
• safety glasses or splash shield 
• emergency eyewash bottle 

1.6 REAGENTS 

There are no reagents used in this procedure aside 
from the actual decontamination solutions and 
solvents. In general, the following solvents are 
utilized for decontamination purposes: 

• 10% nitric acid'1' 
• acetone (pesticide grade)'2' 
• hexane (pesticide grade)'25 

• methanol 

(1' Only if sample is to be analyzed for trace metals. 
(2) Only if sample is to be analyzed for organics. 

1.7 PROCEDURES 

As part of the health and safety plan, develop and 
set up a decontamination plan before any personnel 
or equipment enter the areas of potential exposure. 
The equipment decontamination plan should 
include: 

• the number, location, and layout of 
decontamination stations 

• which decontamination apparatus is needed 

• the appropriate decontamination methods 

• methods for disposal of contaminated 
clothing, apparatus, and solutions 

1.7.1 Decontamination Methods 

All personnel, samples, and equipment leaving the 
contaminated area of a site must be 
decontaminated. Various decontamination methods 
will either physically remove contaminants, 
inactivate contaminants by disinfection or 
sterilization, or do both. 

In many cases, gross contamination can be removed 
by physical means. The physical decontamination 
techniques appropriate for equipment 
decontamination can be grouped into tv--" 
categories: abrasive methods and non-abrasi . 
methods. 

Abrasive Cleaning Methods 

Abrasive cleaning methods work by rubbing and 
wearing away the top layer of the surface containing 
the contaminant. The following abrasive methods 
are available: 

• Mechanical: Mechanical cleaning methods 
use brushes of metal or nylon. The 
amount and type of contaminants remced 
will vary with the hardness of bristles, 
length of brushing time, and degree of 
brush contact. 

• Air Blasting: Air blasting is used for 
cleaning large equipment, such as 
bulldozers, drilling rigs or auger bits. The 
equipment used in air blast cleaning 
employs compressed air to force abrasive 
material through a nozzle at high velocities^ 
The distance between the nozzle and the 
surface cleaned, as well as the pressure of 
air, the time of application, and the.angle 
at which the abrasive strikes the surface, 
determines cleaning efficiency. Air blasting 
has several disadvantages: it is unable to 
Control the amount of material removed, it 
can aerate contaminants, and it generates 
large amounts of waste. 

• Wet Blasting: Wet blast cleaning, also 
used to clean large equipment, involves use 
of a suspended fine abrasive delivered by 
compressed air to the contaminated area. 
The amount of materials removed can be 
carefully controlled by using very fine 
abrasives. This method generates a large 
amount of waste. 

Non-Abrasive Cleaning Methods 

Non-abrasive cleaning methods work by forcing the 
contaminant off of a surface with pressure. In 
general, less of the equipment surface is removed 
using non-abrasive methods. The following non-
abrasive methods are available: 



• Kizh-Fressure Water: This method 
consists of a high-pressUre pump, an 
ouerator-controlled directional nozzle, and 
a high pressure hose. Operating pressure 
usually ranzes from 340 to 680 atmospheres 
(atm) which relates to Dow rates of 20 to 
140 liters per minute. 

e Ultra-High-Pressure Water: This system 
produces a pressurized Water jet (from 
1,000 to 4,000 atm). The ultra-high-
pressure spray removes tightly-adhered 
surface film. The water velocity ranges 
from 500 m/sec (1,000 atm) to 900 m/sec 
(4,000 atm). Additives can enhance the 
method. This method is not applicable for 
hand-held sampling equipment-

Disinfection/Ripse Methods 

• Disinfection: Disinfectants are a practical 
means of inactivating infectious agents. 

• Sterilization: Standard ' sterilization 
: t-v-: methods involve heating the equipment. 

'Sterilization is impractical for large 
' equipment. 

• Rinsing: .. Rinsing removes contaminants 
- through dilution, physical attraction, and 

solubilization. 

1.7.2 Field Sampling Equipment 
Cleaning Procedures 

Solvent rinses are not necessarily required when 
organics are not a contaminant of concern and may 
be eliminated from the sequence specified below. 
Similarly, an acid rinse is not required if analysis 
does not include inorganics. 

L Where applicable, follow physical removal 
procedures specified in section L7J. 

2. Wash equipment with a non-phosphate 
detergent solution. 

3. Rinse with tap water. 

4. Rinse with distilled/deionized water. 

5. Rinse with 10% nitric acid if the sample will be 
. analyzed for trace ̂ fgaulcs. 
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* TYPO AT TIME OF PRINTING 

6. Rinse with distilled/deionized water. 

7. Use a solvent rinse (pesticide grade) if the 
sample will be analyzed for organics. 

8. Air dry the equipment completely. 

9. Rinse again with distiDed/deianized water. 

Selection of the solvent for use in the 
-decontamination process is based on the 
contaminants present at the site. Use of a solvent 
is required when organic contamination is present 
on-site. - ' Typical solvents used for removal of 
organic contaminants include acetone, hexane, or 
water. An add rinse step is required if metals are 
present on-site. If a particular contaminant fraction 
is not present at the site, the nine-step 
decontamination procedure listed above may be 
modified for site specificity. The decontamination 
solvent used should not be among the contaminants 
of concern at the site. - - • -v 

Table 1 fists solvent rinses which may be required 
- for efireination of particular "chemicals. "After each 
solvent rinse, the equipment should be air dried and 
rinsed with distilled/deionized wafer. 

-Sampling equipment that requires the use of plastic 
tubing should "be v disassembled "and the tubing 
replaced with clean tubing, before commencement 
of sampling and between sampling locations. 

1.8 CALCULATIONS 

This section is not applicable to this SOP. 

1.9 QUALITY ASSURANCE/ 
QUALITY CONTROL 

One type of quality control sample specific to the 
field decontamination process is the rinsate blank. 
The rinsate blank provides information on the 
effectiveness of the decontamination process 
employed in the field. When used in conjunction 
with field blanks and trip blanks, a rinsate blank can 
detect contamination during sample handling, 
storage and sample transportation to the laboratory. 

3 * 



Table 1: Recommended Solvent Rinse for Soluble Contaminants 

SOLVENT SOLUBLE CONTAMINANTS 

Water • Low-chain hydrocarbons 
• Inorganic compounds 
• Salts 
• Some organic adds and other polar compounds .. 

Dilute Acids • Basic (caustic) compounds 
. • Amines 
• Hydrazines 

Dilute Bases - for example, detergent 
and soap 

• Metals 
• Acidic compounds 
• Phenol 
• Thiols 
• Some nitro and sulfonic compounds 

Organic Solvents*1' - for example, 
alcohols, ethers, ketones, aromatics, 
straight-chain alkanes (e.g., hexane), and 
common petroleum products (e.g., fuel, 
oil, kerosene) .-

• Nonpolar compounds (e.g., some organic compounds) 

{1) - WARNING: Some organic solvents can permeate and/or degrade protective clothing. 

A rinsate blank consists of a sample of analyte-free 
(i.e, deionized) water which is passed over and 
through a field decontaminated sampling device and 
placed in a clean sample container. 

0 

Rinsate blanks should be run for all parameters of 
interest at a rate of 1 per 20 for each parameter, 
even if samples are not shipped that day. Rinsate 
blanks are not required if dedicated sampling 
equipment is used. 

1.10 DATA VALIDATION 

This section is not applicable to this SOP. 

1.11 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA and specific health and 
safety procedures. 

health and safety. Hazardous substances may be 
incompatible with decontamination methods.. For 
example, the decontamination solution or solvent 
may react with contaminants to produce heat, 
explosion, or toxic products. Decontamination 
methods may be incompatible with clothing or 
equipment; some solvents can permeate or degrade 
protective clothing. Also, decontamination solutions 
and solvents may pose a direct health hazard to 
workers through inhalation or skin contact, or if 
they combust. 

The decontamination solutions and solvents must be 
determined to be compatible before use. Any 
method that permeates, degrades, or damages 
personal protective equipment should not be used. 
If decontamination methods pose a direct health 
hazard, measures should be taken to protect 
personnel or the methods should be modified to 
eliminate the hazard. 

Decontamination can pose hazards under certain 
circumstances even though performed to protect 



ATTACHMENT F 

WELL DEVELOPMENT FORM 



GEOUS Well Development Form 

' )  » 
COMPMN* 

CUBfT: 

PROJECT: 

SITE 

WELLNOL: 

DATE 

LOQQBtv 

SIGNATURE: 

ONE WELL VOLUME g«Hon» WEU. TO: ftTOC WalVoturM 2-Inch - 0.16 8-heh" 1.47 
(sailen«feo9 4-Inch - 0.6S frJneh-241 

TFTLT ACTIVITY 
cooe 

DEPTH 
TO 

WATS! 
A 

PURQE 
RATE 
(SPA 

PURQE 
VOLUME 

(jgaQ 

FIELD AEABUREMENT8 
COMMENTS 

FINAL 

FINAL WB1YIBD: OPM PUMP RATE • ESTIMATE) CORRESPONDING DRAWDOWN: 

G0B12S2T 



ATTACHMENT G 

WELL CONSTRUCTION DETAILS 



if Dan Ravlv Associates,  Inc. 

Page. 1 .of .  

Job No. :arig? 

PROJECT Bayonne Barrel  and Drum Company SUEJECT Monitoring- Wells 

COMPUTATION Construction Qpranc.aanri  

COMPUTED BY DATE 11/26/85 CHECKED BY. DATE 

Depth Below 
Surface (Feet)  

0—, 

10— 

20— 

30—i 

4-Inch Diameter 
PVC Casing •**" 

4-Inch Diameter 
PVC 0.020 Slot  
Screen 

PVC Cap-

Locking Steel  Casing 
Top of Casing is  2.55 Feet 
Above Ground 

PVC Cap 

.Ground Surfac 

8-Inch Diameter Boring 

Cement Grout 

Bentonite Seal 

Grade 2 sand Pack 

Backfil led with Send 
From Dril l  Cuttings 
27J-20 Feet .  

Total  Depth Dril led 30 Feet 
Total  Depth Cased 27J Feet 



Page ___L__of £ 

Job No. S4C1S2 

PROJ EC T °3 yn " n ° »>yj """r r SUBJECT '.iaiif 
Construction Details-83DC2 

COMPUTATION . .  

COMPUTED BY :  DATE _H^££i!cHECKED RY DATE 

II Dan Raviy Associates,  Inc. 

Depth Below 
Surface (Feet)  

0 —I 

5 — 

10 — 

•15 — 

2 0 -

4-Inch Diameter 
PVC Casing 

4-Inch Diameter 
FVC C.020 Slot  
Screen 

4-Inch Diameter 
PVC Casino 

PVC Cap. 

Locking Steel  Casing • 
Top of Casing is  3.03 Feet 
Above Ground 

PVC Cap 

•Ground Surface 

Cement Grout 

Bentonite Seal 

Grade 2 Sand Pack 

Backfil led with Sand 
From Dril l  Cuttings 
19-20 Feet 

Total  Depth Dril led 20 Feet 
Total  Oepth Cased 19 Feet 



.II* Dan Rayiv Associates,  Inc. 

Page. .of .  

Job No 8^182 

PROJECT Bayonne Barrel  and Drum Company SUBJECT Monitoring Wells 

COMPUTATION VQT 1 Oa>a<Tt.onnfi  

COMPUTED BY DATE 12/25/85 CHECKED BY. DATE 

o— 

io-

20— 

30— 

40— 

50-

60—1 

8-Inch Diameter 
Steel  Casing 

4-Inch Diameter 
PVC Casing 

"4-Inch Diameter 
PVC 0:018 Slot  
Screen 

4-Inch Diameter 
PVC Casing 

Ground Surface 

Bentonite Seal 

•Grade 2 Sand Pack 

Backfil led with 
Bentonite 50-53 Feet 

Total  Depth Dril led 53 Feet 
Total  Depth Cased 50 Feet 



ivlv Associates, Inc. 
Page 3 Qf 

Job No. 84CI82 

ne Barrel  and Drum Corcoany SUBJECT Monitoring Wells 

%< •-rttr-'* •» * nn Ha»a 4.1 t 

. DATE 12/26/8S CHECKED BY .DATE 

•Inch Diameter 
^VC Casing 

4-Inch Diameter 
PVC 0.020 Slot  
Screen 

YC Cap 

Cement Grout 

Locking Steel  Casing 
Top of Casing is  2.15 Feet 
Above Ground 

•Ground Surface 

Ber. tonite Seal 

Grade 2 Sand Pack 

Backfil led with Sand 
From Dril l  Cuttir .cs 
28-25 Feet 

Total  Depth Dril led 20 Feet 
Total  Desth Cased 28 Feet 



jr, Dan RaYTY Associates, Inc. 

Page—L___cf_ 

Job No.£i£I£2_ 

PROJECT "'y"'1"" o1 »•">< SUBJECT "--•'trr:.--- »,;i. 

COMPUTATION Wei] Construction Details-BBflCS '  

COMPUTED BY ! DATF1 o ne toe. CHECXED BY DATE 

2-

6— 

2}-Inch 
Steel  Casing-

2J-Inch Diameter 
Steel  Screen-
(Closed Bottom) 

/ 

H 

uiaraeter 
Locking Steel  Casing 

-Threaded Steel  Cap 

Ground Surface 
Cement Grout 

Bentonite 

Grade 2 Sand Pack 

Total  Depth Dril led 6 Feet 
Total  Depth Cased 6 Feet 



MAY 27 'S3 08:55AM WATER SUPPLY Ei_£il£Mi 

OWR-1 Si M 
1^91 

New Jersey Department of Environmental Protection and Energy 
7 Bureau cf Water Allocation 

MONITORING WELL RECORD 
We!! Permit 

OWNER IDENTIFICATION - Owner—/C O^-
Address <v2. Q 0—A" 
^,r T>prh — 

Atlas Sheet Coordinates . —: J. ̂  /: • ' "-

ZZ 

.• 

Stale AI/t. Zip Code  ̂ £> 

Owner's Well No. 2-7 \h f  ZT?"i/-n *"> 
iNo. / ̂  BIceK No. 

Date well completed  ̂̂  
Case LD. * . —-

Tele. #_ 

WELL LOCATION - If not the same as owner please give address. 
County ___£LSSmL£. Municipality ,{'«*( r>rhf-
Address /<?V ' P°Unr"K,S~, '  
TYPE OF WELL (as per Well Permit Categories). /Y\ Qn t -fa f ( *jj-
Regulatory Program Requiring Well —_ —— 
CONSULTING FIRM/FIELD SUPERVISOR (if applicable). 

urn*! ^-mtiCTiON 
Total depth drilled oL5 It. 
Well finished tp ^3 ft. 

* Sorehole diameter: 
Top / ( in. 

Bottom {/•-
Weil was finished: S^atove 9rad® 

• Hush mounted 

It finished above grade, casing 
height (stick up) above land 
surface £7 5* 
Was steel protective casing installed? 

^Yes Dno /£?/d» 
Static water level after drilling 
Water levelvras measured usino /v/—  ̂
Well was developed for hours at—fci 
Method of development (J3SA<? f5/£>/<?— 
Was permanent pumping equipment installed? LJ Yes J_J No 
Pump capacity //• ' spm 
Pump type:  ̂
Drilling Method ri 5 At 
n»ini«ff Pl.'id M/W? _ Type of Rig  ̂
Name of i/fc*dVTtr. 1/ 
Hea l th  and Safety Plan submitted? UfcVes LJNo 
Level of Protection used on site (circle one) Nona Qp C B A 
N J. License No. 
Name of Drilling Company 
I certify .ha 1 h9v« drilled .he 9bdve.re.9renced well id accedence with all we. pern* requirements end ell applicable 

State rules and regulations. si . ) 

r.sm OGIC LOG 
(Copies of other geologic legs and/or 
geophysical logs should be attached/) 

.gpm 

Driller's Signature 

COPIES: While & Green • DEPE Canary * Driller 

Date 

i. Owner Goldenrad - Health Dept. 
«• 



MAY 27 '58 09 = 00flM 

m M^teStTme) 

•*« «*•»'« 

VT» 
gl. 'P'- LOG -£ 'v. 

PROJECT. 
LOCATION. 

DEPTH 
OF 

I SAMPLE 

TT 

TTT 

T-8 

HOT 

72=14 

HOT 

79=21 

BLOWS ON 
SAMPLER 

TSTh 

T 

8 

n 

7F 2T 

W 
W 

LQ£ 

**04.-11111 

17 
2U 
n 
"30 

2 

7 

£4 
XI 

53 

37 

72 

<u «u « 

CLASSIFICATION OF 
MATERIALS ORILLED 

Fine to coarse SAND and 
GRAVEL 

OTHER 
DATA 

WELL 
DETAILS 

GRAVEL, cinders 

Fine to medium SAND, 
t r a c e  s i l t  •  

Fine to medium SAND, 
trace silt 

"End-of Boring at z*,u Tee; 

'£• 

notation: size AUGERS/CASING 
6i" 

SIZE thin-WALLED TUBE. 
Ml wo. OF I LOWS TO WIVS 
e i MO. OF SLOWS TO OWLVE 

_.SIZE SPOON. 
_ SIZE CORE -

2 -JPOON 1?WITN 14Oe.WClttHTF*LU«530 
"cisiwe. " WtTM W.̂ IOHT faujwo 

FKR stow 
PZ* SLOW 

FILL OUT 8ACK OF LOO AND SIGN YOUR NAME 

V ' 




